Soluble soybean polysaccharide (SSPS) was fractionated into two sub-fractions, a high-molecular-weight fraction (HMF) and a low-molecular-weight fraction (LMF) by the ethanol-extraction method. Characterization of the sub-fractions, that is, analysis of chemical composition, gel filtration, and SDS-PAGE, revealed that the main component of HMF was a large polysaccharide molecule with covalently-attached peptides, possibly corresponding to the intact SSPS molecule. LMF consisted of free peptides and saccharides of small size, which might have occurred as by-products during the production process of SSPS. HMF exhibited high ability to emulsify oil droplets and stabilize -casein dispersions in an acidic pH region, but this ability of LMF was inferior to HMF. On the other hand, LMF had higher activity to prevent the oxidation of emulsified lipids than HMF. These results suggest that HMF and LMF had different characteristics and functional properties, and that the combination of the two sub-fractions generates the multi-functions of commercial SSPS.
Polysaccharides play important roles in the stabilization and texture modification of many food products. Although various polysaccharides of plant and microbial origin are available for industrial use, 1, 2) the development of a novel polysaccharide is still needed to satisfy the increasing demands for new types of food product by consumers as well as the food industry.
Recently, a novel polysaccharide was extracted from soybean okara, an insoluble substance produced in the manufacture of soy protein isolate.
2) The polysaccharide is called soluble soybean polysaccharide (SSPS). In addition to physiological effects as a dietary fiber, SSPS has various functions, dispersion, stabilization, emulsification, film-formation, and anti-micro-organism.
3) Especially, SSPS has been found to stabilize acidic beverages including milk proteins, suggesting the interaction of SSPS and proteins in acidic pH regions. 4) Previous studies has found that SSPS also shows inhibitory effects on lipid oxidation in emulsions 5) and dried microcapsules. [6] [7] [8] The reason for the multiple functions of SSPS remains unclear.
SSPS is composed of a main rhamnogalacturonan backbone with branched chains of galactan and arabinan. [9] [10] [11] It is believed to be a peptide-bound polysaccharide, that is, peptides are covalently attached to the main carbohydrate chain. Gel filtration chromatographic analysis revealed that the molecular weight distribution of SSPS was in a wide range from approximately 550,000 to 5,000.
2) The multiple functions of SSPS might be attributable to the combination of these diversified components. Nakamura et al. 12) found that a high molecular weight component separated from SSPS by gel filtration stabilized oil droplets more effectively than the whole SSPS, suggesting the main role of this component in emulsification, but the further investigation of sub-fractions of SSPS divided according to molecular weight was restricted because the separation of sub-fractions by gel filtration is a laborious and time-consuming work.
We succeeded efficiently in separating a high molecular weight fraction (HMF) and a low molecular weight fraction (LMF) from SSPS using an ethanolextraction method. 8) The separated LMF was found to have high ability to suppress lipid oxidation in the microcapsule, whereas HMF was inferior to the original SSPS. Although this result indicates that the main role of LMF is that of an antioxidant in the encapsulation system, the ability of LMF to protect emulsified lipids from oxidation has not been tested yet. Furthermore, the chemical composition of the separated sub-fractions has not been well analyzed. HMF and LMF were again separated to analyze their chemical composition. Functional properties, such as emulsifying ability, antioxidant activity in the emulsion system, and stabilizing effects on protein dispersion, were also investigated.
Materials and Methods
Materials. SSPS (Soyafibe R-S-DA100) was supplied by Fuji Oil (Osaka, Japan). Gum Arabic was kindly donated by San-ei Chemical Industries (Osaka, Japan). High-methoxyl pectin was Genu Pectin Type USP-H (CP Kelco A/S, Denmark). Sugar ester (S-1670) was obtained from Mitsubishi Chemicals (Tokyo, Japan). -Casein was purchased from Sigma Chemicals (St. Louis, MO). Other reagents were of analytical grade and were purchased from Wako Pure Chemicals (Osaka, Japan).
Separation and characterization of high molecular weight and low molecular weight fractions. Separation of HMF and LMF was carried out according to a procedure reported previously. 8) The simple description of the procedure is as follows: SSPS was dissolved in distilled water at a concentration of 5% (W/V). Ethanol was added to the SSPS solution at a volume ratio of 1:1, followed by mixing using a vortex mixer. The mixture was then centrifuged (10;000 Â g, 20 C) to separate the supernatant and precipitate. The foregoing procedure was repeated twice. The combined supernatant was subjected to rotary evaporation to recover LMF. The precipitate after the third centrifugation was collected and freeze-dried to obtain HMF.
Each sub-fraction was analyzed by gel filtration according to the conditions of the previous study, 8) but using two columns tandem connected, Shodex Protein KW-804 (8 mm Â 300 mm, Showa Denko, Tokyo) and Shodex OH pack SB806 MHQ (8 mm Â 300 mm, Showa Denko, Tokyo) to separate the peaks more clearly. The effluent was monitored with an SPD-10Avp UV detector (Shimadzu, Kyoto, Japan) at 215 nm, and with a YRU-880 midget refractive index (RI) detector (Shimamuratech, Tokyo).
The contents of saccharides and proteinous or peptidyl constituents were estimated by the phenol-H 2 SO 4 13) and Lowry methods 14) respectively, according to the procedure described in the previous paper.
Analysis of sugar composition. Galacturonic acid contents were measured by the colorimetoric method of Blumenkrantz and SboeHansen. 15) To determine the neutral sugar composition, sample powders (0.1%) were hydrolyzed at 121 C for 2 h in 2 N trifuloracetic acid. After removal of the acid by evaporation, the hydrolyzates were filtered through a Millipore Molcut II GC filter (Millipore, Billerica, MA), and analyzed as the borate complex by HPLC on a TSK-gel SUGARAXI column (Tosoh, Tokyo) in the presence of ethanolamine. 16) Amino acid analysis. The powdered samples were hydrolyzed with 6 N HCL containing 0.1% phenol in a sealed, evacuated tube at 110 C for 24 h. The hydrolyzates were analyzed using an amino acid analyzer (L-8500A, Hitachi, Tokyo).
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). SDS-PAGE analyses of SSPS, HMF, and LMF were carried out by the method of Shagger and Jagow. 17) After electrophoresis, the gel was stained with Coomassie Brilliant Blue G 250 (Coomassie) to detect proteins or peptides. The gel was also subjected to another staining method, using a Pierce Glycoprotein Staining Kit (Pierce, Rockford, IL) for the detection of sugars. The Ultra-low Range Molecular Weight Marker for SDS-PAGE (Sigma, St. Louis) was used to estimate the molecular weights of the electrophoresis bands in a range from 1,060 to 26,600.
Interfacial tension measurement. Interfacial tension at methyl oleate-water interface was measured with a Wilhelmy plate of a surface tensiometer (Model CBVP, Kyowa Kaimen Kagaku, Tokyo). SSPS, HMF, SMF and gum arabic were solubilized in the water phase (0.01% concentration).
Analysis of emulsion properties. Oil-in-water emulsions were prepared from methyl oleate and polysaccharide solutions, SSPS, HMF, LMF, and gum arabic being dissolved in phosphate buffer (10 mm sodium phosphate, pH 7.0). The concentrations of methyl oleate and polysaccharide were 5% and 1% respectively. The mixture of lipid and aqueous phases was homogenized for 2 min in a highspeed blender (Nihon Irikagakukiki, Tokyo) operated at 22,000 rpm for 2 min. The average droplet diameter was further reduced using an ultrasonic homogenizer (Nihon Seiki, Tokyo, Japan) operated at maximum power for 2 min. A laser diffraction particle-size analyzer (Model LA-500, Horiba, Kyoto) was used to determine the dropletdiameter distribution just after preparation and after 6 days of storage at 20 C.
Lipid oxidation tests in emulsions. In the lipid oxidation tests, an emulsion was prepared from methyl linoleate and sugar ester solution (10 mm sodium phosphate buffer, pH 7.0). The concentrations of lipid and surfactant were 5% and 2% respectively. The emulsion preparation was carried out according to the procedure described in the previous section. The emulsion obtained was diluted with sodium phosphate buffer prior to the lipid oxidation experiment, and the final concentration of lipid was 0.3%. In the case in which SSPS, HMF, and LMF were added to the final emulsion, these samples were dissolved in phosphate buffer before dilution. The final concentrations of SSPS, HMF, and LMF ranged from 0% to 5%. Oxidation of the lipid in the emulsion was initiated by adding 5 mm 2,2 0 -azobis (2-amino propane) hydrochloride (AAPH).
5) It was assessed by the thiobarbituric acid (TBA) method (Buege and Aust, 1978) after 24 h.
18) The TBA value was expressed as the amount of malondialdehyde (MDA).
Effects on the stability of -casein solutions. -Casein and polysaccharide components (SSPS, HMF, LMF, and pectin) were dissolved in phosphate buffer (10 mm sodium phosphate, pH 7.0). Whereas the concentration of -casein was constant (2.0%), that of polysaccharide component was valuable, 0, 0.1, 0.5, 1.0, and 2%. The mixture solution of -casein and the polysaccharide component was added to an equal volume of acetic acid (0.01 m-1.5 m) to decrease pH to the desired value (pH 5.5-pH 3.0). As a result, the final solutions contained 1% -casein and 0, 0.05, 0.25, 0.5, and 1% polysaccharide component. The pH-adjusted solutions were vortexed vigorously and stored at 4 C for 24 h. After that, they were centrifuged at low speed (500 Â g, 4 C, 10 min). The protein concentration remained in the dispersion after centrifugation was determined by the Lowry method.
14)
Data analysis. For analytical data, three replicates were taken, and the mean values were reported. Statistical analysis was performed by ANOVA for the data on the effects of polysaccharide addition on lipid oxidation ( 
Results and Discussion
Characterization of HMF and LMF HMF and LMF were separated by the ethanolextraction method. In accordance with the previous study, the separation of HMF and LMF was confirmed by gel filtration chromatography (Fig. 1) . Although the results of gel filtration were reported in the previous paper, 8) the chromatograms were also shown here, because clearer separation was attained by our present system connecting HPLC columns in tandem, and the understanding of the other analytical results is easier if we make reference to the HPLC results. The upper (A) and lower (B) figures demonstrate the patterns monitored by the UV and RI detectors, respectively. SSPS (A-(1) and B-(1)) showed two peaks at retention times of approximately 15 min and 25 min, agreement with the results of the previous study in spite of the difference in retention times. 8) The calculated molecular weights of the 15 min peak and 25 min peak components were 550,000 and 5,000 respectively, based on the elution profile of standard pullulan. The major peaks in the chromatograms for HMF (A-(2) and B- (2)) and LMF (A-(3) and B-(3)) were observed at retention times of 15 min and 25 min respectively. This indicates the successful separation of the sub-fractions from SSPS. The major peak of LMF at 25 min exhibited high and low responses to the UV (A-(3)) and RI (B-(3)) detectors respectively, indicating an abundance of proteinous or peptidyl constituents. In contrast, the major peak of HMF (15 min) responded high and low to RI (B-(2)) and UV (A-(2)) detectors respectively, suggesting that the major component was sugar.
The protein contents of SSPS, HMF, and LMF were determined to be 4.9%, 2.6%, and 21.2% respectively by the Lowry method. 4) On the other hand, the sugar contents of SSPS, HMF, and LMF, measured by the phenol-sulfuric acid method, 13) were 82.1%, 91.8%, and 57.7% respectively. These data on the chemical compositions of SSPS and the sub-fractions were similar to those in the previous study. 8) In combination with the results for gel filtration, it is clear that the major component of HMF was sugar, but the proteinous component was more abundant in LMF. Figure 2 shows the results of SDS-PAGE for SSPS, HMF, and LMF. While the upper gel (A) was stained with Coomassie to detect the presence of proteins and peptides, the low gel (B) was stained using a Pierce Glycoprotein Staining Kit to detect sugars attached to peptides. In addition to an Ultra-low Range Molecular Weight Marker for SDS-PAGE (molecular weight range from 1,060 to 26,600), horseradish peroxidase, a glycoprotein, was electrophoresed to confirm the proper staining. Soybean trypsin inhibitor without the glycoside linkage was applied to confirm no staining with the Glycoprotein Staining Kit.
In the gel stained with Coomassie ( Fig. 2-A) , peptide components were observed as a ladder ranging from approximately 30,000 to 1,000, but no component with large size was detected clearly for SSPS (A- (1)). In the lane for HMF (A-(2)), a similar ladder was observed, but the density of staining decreased especially in a low molecular weight range less than approx. 20,000. On the other hand, ladder components with strong staining were observed in the low molecular weight range for LMF (A- (3)). In the gel stained for glycoprotein ( Fig. 2-B ), large components in the stacking gel were observed in addition to the ladder components for SSPS (B-(1)). A similar pattern was obtained for HMF (B-(2)), but there was no staining component for LMF (B-(3)).
Based on a comparison of the electrophoretic patterns of A-(3) and B-(3), it is obvious that LMF contained only peptide components in a molecular weight range from approximately 1,000 to 20,000, because there was no staining with the Glycoprotein staining kit, but strong staining with Coomassie. As described above, LMF contained not only protein (21.2%) but also sugar (51.7%) on chemical analysis. It is likely that free sugars without linkages to the peptide cannot be moved in the gel by electrophoresis. Therefore, the major components of LMF should be free peptides and saccharides without linkages. On the other hand, HMF contained ladder components reacting to both the staining reagents A-(2) and B(2), indicating the presence of glycosylated peptides. The sizes of these glycosilated peptides were not very large (approximately 1,000-30,000) as shown in Fig. 2-B . As shown in the gel filtration choromatogram for HMF ( Fig. 1-A-( 2) and 1-B-(2)), the shoulder peaks appeared after the main peak in RI as well as UV pattern. The components included in these shoulder peaks might correspond to the ladder glycosilated peptides on SDS-PAGE for HMF. The main component strongly detected by the RI detector, at the peak position of 15 min in the gel filtration chromatogram (Fig. 1-B-(2) ), on the other hand, should correspond to the large band in the stacking gel in the SDS-PAGE pattern with strong staining for glycosylation (Fig. 2-B-(2) ). It remains unclear whether this large component was a polysaccharide with or without a peptide linkage, but the faint band stained with Coomassie in HMF lane of SDS-PAGE (Fig. 2-A-(2) ) and the presence of a distinct peak at 15 min by UV detection in the gel filtration chromatogram (Fig. 1-A-(2) ) suggest the linkage of the peptide to the major polysaccharide of HMF. Table 1 shows the sugar compositions of SSPS, HMF, and LMF respectively. A similarity in sugar composition was clearly seen between SSPS and HMW. For instance, the contents of galactose and of galactuonic acids of LMW were much lower than those of SSPS and HMF, which were like each other. In contrast, arabinose content of LMF was remarkably higher than those of SSPS or HMF. These results indicate that the major polysaccharides of SSPS are included in HMF.
The chemical structure of SSPS, especially the major component with a molecular weight of 550,000, was identified.
11) According to this study, the main-backbone of SSPS consists of repetitive sequence of rhamnogracturonan and homogaracturonan. Galactosyl and arabinosyl neutral sugar side chains are linked to the rhamnogalacturonan region through rhamnose. These branched galactocyl and arabinosyl chains are longer than the galacturonosyl main backbone. It is known that arabinosyl linkage is very labile to heat treatment. 19) Since SSPS is produced by heating under weak acidic conditions from Okara, such heat processing is likely to damage the arabinosyl chains of SSPS, thereby separating out arabinose. Hence the high content of arabinose in LMF, might be due to the breakage of the arabinosyl branch chain by heat processing from the main large molecule of SSPS. Table 2 shows the amino acid compositions of SSPS, HMF, and LMF. There is a similarity in composition between SSPS and LMF, and hence, HMF perhaps belongs to the another group with respect to amino acid composition. For instance, the glutamic acid and aspartic acid contents of SSPS and LMW were very similar, and were higher than those of HMF. For leucine, phenylalanine, lysine, and arginine, the values of HMF were higher than those of SSPS and LMF, which were alike. As mentioned above, the peptides in LMF might be present in the free form, and those in HMF might be linked to saccharides. Therefore, the characters and origins of the free peptides in LMF and glycosylated peptides in HMF appear to be quite different.
The peptide moiety in SSPS is believed to be linked covalently to the main chain backbone. The probability that free peptides in LMF are liberated from the intact SSPS molecule by heat processing is low, because the amino acid compositions of LMF peptides are quite different from that of HMF. Contaminated proteins such as soy storage proteins might remain in Okara, and might be hydrolyzed to peptides by heat processing.
Emulsification activity of SSPS and its sub-fractions
Oil-in-water emulsions were prepared by mixing SSPS, HMF, and LMF solutions with methyl oleate. Figure 3 shows the particle-size distribution of emulsions obtained just after (solid lines) and 6 d after (dotted lines) the preparation. The results of emulsions stabilized by gam arabic, which is known to be a surfaceactive peptide-bound polysachharide, 20, 21) are also shown for the comparison.
Just after the preparation of emulsions (solid lines), small oil droplets ranging approximately from 0.8 to 3 mm in diameter were observed for the SSPS-stabilized emulsion (1), indicating good emulsifying activity of SSPS, but most of the oil droplets were less than 1 mm for gum arabic-and HMF-stabilized emulsions (4 and 2). The distribution pattern of LMF-stabilized emulsion (3) was similar to that of SSPS, but the volume fraction of oil droplets with larger diameters (4-5 mm) was larger. Based on these results, the emulsifying activity of HMF was found to be excellent, and almost equal to that of gum arabic. The emulsifying activity of LMF and SSPS was good, but inferior to that of HMF and gum arabic. After 6 d (dotted lines), a shoulder peak appeared at about 3-5 mm in the distribution pattern of SSPS (1). For LMF (3), a large, broad peak was observed at about 5-7 mm. Therefore, for these two samples, especially LMF, it is obvious that the emulsions were destabilized during the 6-d storage. For gum arabic (4) and HMF (2), a slight shift in the distribution curve to the larger diameter direction was observed, too, but the oil droplets were still distributed in a narrow range, and the volume of oil droplets at about 3-5 mm was very low. In other words, gum arabic and HMF imparted long-range stability to the emulsions.
The measurement of interfacial tension for the oil-HMF solution interface indicated weak surface activity of HMF: the interfacial tension decreased by only 3.5 mN/m 180 min after the start of measurement (data not shown). On the other hand, interfacial tension decreased by 12 mN/m in the case of LMF after 180 min. As aforementioned, LMF includes free peptides, which might have contributed to the dramatic decrease in interfacial tension. Small peptides can diffuse and adsorb the interface very rapidly, thereby promoting the formation of small oil droplets. 22) However, the adsorption layer of peptides at the oil droplet surface does not protect oil droplets from aggregation and coalescence for long because of its small thickness. HMF and gum arabic, on the other hand, adsorbed the interface via peptide moieties and formed a thick protective layer of polysaccharide chains surrounding the oil droplets, preventing oil droplet collision by steric hindrance in addition to the hydration effects and electric repulsive force. 23) The reason for the long-range stability of HMF and gum arabic emulsions can be explained by this mechanism.
Inhibition of lipid oxidation in emulsions by SSPS and its sub-fractions
It has been found that SSPS has the ability to inhibit lipid oxidation in emulsion 4, 5) and powdery system. [6] [7] [8] We investigated to determine which fraction, HMF or LMF, is responsible for the antioxidant activity of SSPS in the emulsion system. An emulsion prepared from methyl linoleate and sugar ester solution was supplemented with AAPH to stat lipid oxidation, and the progress of lipid oxidation was monitored by TBA test. SSPS, HMF, and LMF varying in concentration from 0.5 to 5%, were added to the emulsion prior to the initiation of lipid oxidation. The TBA values after 24 h are shown as the amounts of MDA in Fig. 4 . In the case of no addition of SSPS or its sub-fractions, MDA reached 20.5 mm after 24 h. SSPS demonstrated inhibitory effects on lipid oxidation in a dose-dependent manner. When only 0.5% SSPS was added, the MDA level decreased to 5.8 mm. Elevation of SSPS to 5% reduced the MDA value to 1.5 mm. These results confirm the previous findings as to the antioxidant activity of SSPS. The addition of LMF had a stronger effect. When only 0.5% LMF was added to the emulsion, MDA value decreased to 2.1 mm. The MDA values were less than 1 mm when 2.5% and 5% LMF were added. On the other hand, the inhibitory effect of HMF on lipid oxidation was found to be weak. The addition of HMF the 0.5 and 1% level did not reduce the MDA value. Even 5% HMF inhibited the generation of only half of MDA. These results clearly indicate that LMF plays a major role in the inhibitory effect of SSPS on lipid oxidation. The radical scavenging activity of LMF, which was demonstrated in the previous studies, 5, 8) may be responsible for the inhibitory effects on lipid oxidation. It remains unclear which component of LMF is important with respect to Oil droplet size distribution of emulsions (methyl oleate 5%, and polysaccharide 1%) was determined with a laser diffraction particle-size analyzer 5 min after (solid lines) and 6 d after (dotted lines) preparation of the emulsion. The results are shown by volume-weighted distribution (%) as a function of the diameters of the oil droplets. prevention of lipid oxidation, but our preliminary results suggest a major contribution of free peptides (unpublished data). As discussed in ''Characterization of HMF and LMF,'' the peptide in LMF appears to originate in soy proteins contaminating in the okara. The antioxidant activity of soy peptides has been reported. 24) Stabilization of -casein dispersions by SSPS and its sub-fractions
As described in the Introduction, SSPS is known to stabilize acidic beverages including milk proteins. The effects of SSPS and sub-fractions on the stability of -casein, a major component of milk proteins were investigated. Figure 5 shows the appearance of -casein dispersion (1%) in acidic pH regions in the presence of various concentrations (0-1%) of SSPS, HMF, and LMF. The photographs were taken 24 h after the mixing ofcasein and SSPS. These dispersions were centrifugated, and the concentration of still-suspended protein was determined (Fig. 6 ). In the absence of SSPS, HMF, and LMF, -casein dispersion exhibited destabilization around the iso-electric point region. Most of thecasein precipitated from pH 4 to 5, and only 23% remained in the suspension at pH 5.5. The addition of 0.05% SSPS (Figs. 5(1) and 6(1) ) partially improved the stability of -casein dispersions in this pH range, and in particular approximately 80% of -casein became suspendable at pH 5.5. The increase in SSPS (0.25%-1.0%) dramatically improved the stability of the dispersions, and the concentration of suspended -casein reached to 80%-100%. These results suggest that SSPS can stabilize -casein in acidic pH regions.
The results of HMF (Figs. 5(2) and 6(2)) were quite similar to those of SSPS, exhibiting a superior stabilizing effect on -casein dispersion in acidic pH regions. On the other hand, LMF did not stabilize -casein dispersion sufficiently (Figs. 5(3) and 6(3) ). For instance, at pH 4.0-5.0, less than 40% of -casein became suspendable due to the addition of 1% LMF. Furthermore, LMF supplementation destabilized -casein dispersion at pH 3.5. These results suggest that the ability of SSPS to stabilize protein dispersion at acidic pH is attributable to HMF.
As described above, the backbone of SSPS molecule consists of a repeating sequence of rhamnogacturonan and homogaracturonan. Since -casein possesses positive charges in acidic pH regions, SSPS binds -casein via electrostatic attraction. The resultanting SSPS--casein complex becomes negatively charged and is dispersed by electrostatic repulsion. In addition to this mechanism, steric hindrance might also play an important role in the stabilization of -casein by SSPS. In the SSPS molecule, long side-chains of galactose and arabinose are linked to the rhamnogalacturonan of the main chain. These long side chains form a thick layer on the surface of the protein particles, thereby preventing aggregation of the protein particles by steric stabilizing effects.
For comparison, the effects of pectin, a typical stabilizer used in acidic beverages, 25, 26) on -casein dispersion were investigated under the same conditions (Fig. 7) . The addition of 0.05% pectin improved the stability of -casein dispersion at pH 4-5.5. That is, the concentrations of protein at pH 4.5, 5, and 5.5 were approximately 40%, 85%, and 98% respectively; these values were higher than those for SSPS (Fig. 6(1) ) and HMF ( Fig. 6(2) ) under the same conditions. The addition of 0.25% and 0.5% pectin enabled the almost complete dispersion of -casein at pH 4-5.5. The superior stabilizing effect of pectin on protein dispersion in weak acidic regions is in agreement with previous results. 3, 25, 26) However, the elevation of pectin concentration to 1.0% destabilized the -casein dispersion at pH 4-5.5. In the case of SSPS and HMF, no such negative effects due to the high amount addition were observed. Furthermore, in strong acidic pH regions (3 and 3.5), pectin destabilized -casein dispersion irrespective of the amount added. It has already been pointed out that the stabilization effect of pectin on protein dispersion is not strong in strong acidic pH regions compared to weak acidic region, and the reason for this phenomenon has been discussed.
3) Considering these results totally, SSPS can replace pectin as a stabilizer for acidic beverages in some cases, because SSPS is more powerful in strong acidic pH regions, and even in weak acidic pH regions, SSPS action is more easily controlled without the negative effects of excess supplementation.
Conclusion
In the present paper, we characterize the sub-fractions of SSPS separated by ethanol-extraction method. The results of gel filtration, SDS-PAGE, and chemical analysis of sub-fractions suggest that HMF is a polysaccharide molecule with covalently-attached peptides, the intact SSPS molecule, whereas the major components of Mixtures of -casein (1%) and SSPS, HMF and LMF (0-1%) in Fig. 5 were centrifuged, and the concentrations of still-suspended proteins in the supernatants were determined. SSPS, HMF, and LMF concentrations: , 0%; , 0.05%; , 0.25%; , 0.5%; , 1%.
LMF are free peptides and saccharides of relatively small size. Although the saccharides of LMF perhaps stem from the arabinosyl branch chains of SSPS under heat processing, the origin of the peptides remains unclear. HMF might act as an excellent emulsifier and stabilizer for protein dispersion, and this might be attributed to the unique structure of the SSPS molecule. On the other hand, the high ability of LMF to prevent lipid oxidation was demonstrated in the emulsion system. These result suggest that HMF and LMF have different characteristics and functional properties, and that a combination of two sub-fractions generates the multi-functions of commercial SSPS. Ethanol extraction is a simple procedure that can be applied to industrial production. Separation of HMF and LMF on the industrial production level should be of great importance in utilizing the unique functions of SSPS more efficiently and satisfactorily.
